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Abstract 
A construction project is prone to occupational accidents due to its dangerous characteristics and unpredictable 
changes. Occupational accidents can be caused by members of the supply chain, namely the parties involved in 
construction projects, from the management to workers, working environment, and work stress related to targets, 
costs, quality, and time. An accidents will cause an impact to costs, especially OSH costs. Therefore, it is important 
to know variable correlation that causing the accident. 
Various studies have been conducted to determine the variables causing accidents and the influences of occupational 
accident on the performance of a construction project, especially the cost. However, the studies are uncompleted, they 
do not comprehensively describes the relationship between the causes, accidents, and its influence on the supply chain. 
A system dynamics approach is a simulation method in solving real-world problems to describe relationships among 
variables in complex real systems. The simulation method for the analysis of occupational accidents in the construction 
project is considered appropriate because of the probabilistic characteristic of variables that influence it. The resulting 
model describes the process of occupational accidents and the direct and indirect cost incurred. In the end, the model 
generates OSH cost components that need to be controlled as well as improvements in the supply chain of 
subcontractors and supervisors to enhance the quality of workers. 
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1. Introduction 
Occupational Safety and Health (OSH) is very important and can't be separated from a production process that 
involves people, including the field of construction. Occupational (work) accidents that occur not only bring financial 
loss to a company, but also can cause workers death, as well as long-term loss for the company, workers, and workers’ 
families. These problems happen not only in Indonesia but also in other countries in the world. 
In general, high rates of work accidents in construction industry are due to several things, as declared by [1]. 
Starting from unique properties or working characteristics, moving work locations, open space working conditions 
heavily influenced by the weather, limited execution time and tight schedule, types of works which are dynamic and 
require high physical endurance, as well as unskilled workers and weak implementation of OSH. Reference [2] 
confirms that the safety management and safety protection system are also the causes of high work accidents in 
construction industry.  
Construction and manufacturing works have different characteristics. As expressed by [3] that the differences in 
characteristics can be seen from the human resources qualification involved, quality standards references, method of 
purchasing goods or materials, and methods of storage of goods or materials. In the construction works, OSH must be 
highlighted. Failure of OSH management in construction works can lead to failure and loss of construction works for 
contractors in implementing the construction projects. 
The implementation of construction projects are generally divided in several stages. According to [4], the stages 
are feasibility stage, design stage, construction stage, and operation stage. Construction stage is the most prone to 
work accidents because in this stage the entire construction project resources are used and they interact each other, 
thereby increasing the risk of work accidents. 
Reference [4] in their study mentions that the risks of construction projects include cost, time, quality, safety, and 
environment. Controlling construction project risks is the responsibility of construction project management by 
involving the existing resources. Planning, operation, management, and control are performed thoroughly and in 
integrated manner toward the five risks on all existing supply chain to achieve the goals of the project, especially zero 
accident for OSH management. 
Referring to [5], construction work accident can cause human tragedy, demotivate workers, disrupt activities, delay 
the progress of the project, and affect cost in general, as well as affect the productivity and reputation of the 
construction industry. Rate of construction work accidents in the types and the number affect the overal project costs 
and OSH cost in particular. Therefore, the rate of occupational accidents need to be controlled so as not to negatively 
bring impact beyond the ability of contractors which can inhibit the implementation of construction projects. 
Occupational accidents can occur because of two factors: unsafe conditions and unsafe action as disclosed in [6]. 
A triggering factor for unsafe action is the low awareness of worker safety in the workplace. This can occur in the 
level of workers, who ignore safety regulations, as well as the management, who does not pay attention to OSH 
management. 
Reference [6] states that construction workers are closely related to unsafe behavior. A study on construction 
workers in Hong Kong, involving Chinese and non-Chinese workers, investigated the reason why a high number of 
occupational accidents occured in construction projects by collecting information on age, work experiences, and work 
environment, as well as through interviews with construction workers. 
Every construction work accident will bring impacts. As described in [7], the impacts of which are (1) in terms of 
workers, pain, disability, and death; (2) in terms of project activity, disturbing the smooth running of the project, delay 
in project completion, or termination of the project, and cost overruns for project completion; and (3) in terms of time, 
as well as additional expenses, and delay in the implementation of the project. The cost mentioned is the one not 
included in accident insurance, namely cost due to work accidents and due to delays in project activity. 
In more detail, [8] describes that risk financing is allocating funds to handle or cope with particular risks. The costs 
incurred to evaluate the cost of accidents, injuries and deaths are: 
1. Direct costs of injury and death 
2. Indirect costs of injury and death 
3. Occupational Safety and Health Program costs, consisting of three elements: (a) inspection to supervise the 
implementation of OSH; (b) prevention to prevent the risk of OSH; and (c) accidents due to the OSH risks. 
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The ratio differentiation between direct and indirect cost is vary greatly. It is influenced by several factors, one of 
which is the type of project. The ratio ranges from 1: 4 to 1: 17. In this study, the costs of occupational accidents will 
be described using the simulation method of System Dynamics. 
Reference [9] states that system dynamics is interesting because of its unique ability to represent the real world. It 
can accept the complexity, non-linearity, and feedback loop structure attached to the social and physical systems. 
Meanwhile, [10] in more detail explains the advantages of system dynamics, namely (1) system dynamics modelling 
is simple, (2) system dynamics modelling is powerful, (3) system dynamics modelling is useful and (4) system 
dynamics modelling is natural. 
Therefore, this study is discusses the relationship of various variable related to occupational accident. The main 
of study is to know the effect of variable change to the occupational accident rate. Moreover, the study also 
describe the effect of occupational accident related to OSH costs, both direct and indirect cost. By knowing this 
situation, project manager have chance to provide scenario in order to minimize occupational accident and OSH 
cost. 
2. Research method 
The research method describes the steps of the research of causes and effects of construction work accidents 
involving supply chain members. The steps are as follows: 
2.1. Defining system 
Defining the system is conducted to determine the area of research as the object of observation. Construction 
projects becoming the object of observations are multi-storey building construction project, especially apartment. This 
is performed because according to [11], the type of project has high level of complexity and high level of work 
accidents. The use of high technology and inaccurate or less accurate implementation methods can cause accidents. 
The apartment project specification becoming the object of observation is that it must have two towers with a total 
floor of more than 20, the number of permanent workers of 20-50 people and temporary workers of 400-500 people, 
the implementation time of 78-100 weeks including the preparation stage, structuring stage, and finishing stage. 
During research, the work is 50% to 60% finished. 
2.2.  Modeling simulation 
Modelling simulation begins with description of work accidents on supply chain of construction projects in a causal 
loop diagram. This diagram is made to obtain the relationship between variables. Each relationship is illustrated with 
arrows marked positive (+) if they are mutually reinforcing and negative (-) if they are contradictory one to another 
[21]. 
The relationship is built based on the existing references, namely hypothetical and historical. The relationship based 
on historical references is obtained from the results of previous studies, while the relationship based on hypothetical 
references is obtained from interviews, observations, and field data. Causal loop diagram is a diagram that will be 
developed in stock and flow diagram.  
In the stock and flow diagram, illustration of the simulation model on predetermined variables is performed, as 
well as providing a formulation for each variable. This model is then simulated to obtain the results. 
a. Data were collected in the drafting process parameters on the stock and flow diagram. Object data collection 
are: Human resources directly involved in the construction project (Project Manager, Supervisor, Workers 
including Plumbers and Plumbers Helpers). 
b. Related Department (Social Security/JAMSOSTEK, Central Bureau of Statistics, the Department of Labor). 
While the data collected is the data required to support such an organizational structure, company business process, 
mechanisms or procedures for application of OSH, risk assessment, SOP (standard operation procedure), work 
permits, group discussions, the inspection report and audit of safety, control systems, communication systems and 
safety management system. 
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2.3. Verifying and validating model 
The process of verifying and validating model is performed to ensure that the simulation model created can describe 
the real system and it is free from error. The verification process is done using VENSIM simulation software by 
checking equation and units of variables of the model. If there are no errors in the model, it can be said the model has 
been verified. 
The validation process is done using two methods, namely white box and black box validation. The white box 
validation is done by incorporating all variables and connection between variables in the model obtained from the 
literature and expert opinion, while the black box method validation is done by comparing the average of actual data 
with the simulation result data [12]. 
3. Result and discussion 
3.1. Identification of variables 
The identification process of variable is performed through field study, literature review, and interviews. From 
these activities, variables suspected of having interconnectedness relationship as constituent of work accident 
modeling are found. Table 1 shows the results of variables identification and the explanation. 
Table 1. Identification of Variables 
No Variable Description 
Worker Characteristics (WC) 
1 Safety awareness 
 
Conditions showing safety awareness by workers 
A combination of level of education, age, length of working, and contract scale of: 1 = Low, 2 = 
Medium, 3 = Good 
2 Level of education Level of worker latest education : 1 = Elementary School; 2 = Junior High School; 3 = Senior 
High School/Vocational School 
3 Length of work Showing the length of work in construction projects : 1 = less than 2 months; 2 = between 2 to 5 
month; 3 = more than 5 months 
4 Age Showing age of workers : 1 = 15–24 years old; 2 = 25–44 years old; 3 = 45–64 years old 
5 Reward The cost incurred to pay for OSH reward 
6 Punishment The fine paid for OSH violation 
7 Work discipline Conditions showing workers discipline on safety : 1 = Low, 2 = Medium, 3 = Good 
Construction Wok Environment (CWE) 
8 Working condition Showing the condition of work undertaken physically, including working conditions. Influenced 
by the type of work. 
9 Fatigue Reduced willingness to work caused by the monotony (monotonous work), intensity and 
duration of physical work, the environment, mental and psychological condition, health status, 
and nutrition. 
Measured using Work Fatigue Feeling Mesaurement Tool Questionnaire, with conditions: 
Overtime ≤ 2 days: normal; Overtime 3-4 days: tired; Overtime> 4 days: exhausted 
10 Types of work Showing stages of work undertaken. Divided into three phases of work: 
a. Work Preparation 
(1) The work related to scaffolding (2) Using a submersible pump (3) Transporting material 
manually (4) Transporting material using a tool (5) Mobilization/transport using TC (Tower 
Crane) 
b. Structural Work 
(1) Formwork (2) Bending and cutting iron (3) Casting, pouring concrete with a concrete 
pump/bucket (4) Pile cap (5) Transporting sand (6) Installation of precast HCFP (7) Ironing (8) 
Compacting the soil with baby roller/stamper 
c. Finishing 
(1) Wall (2) Sanitation (3) Plastering and cement mortar (4) Drill cuttings (5) Practical column 
and beam (6) Installing ceramic floor and wall (7) Floor hardener (8) Installing the iron railing 
(9) Installing ceiling (10) Waterproofing membrane (11) Installing door or window (12) 
Painting 
11 Number of workers The number of workers needed to finish the work 
12 Risks of work Showing the condition of potential accidents. A combination of the level of frequency (F) and 
severity (S) 
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No Variable Description 
Safety Management (SM) 
13 OSH program investment  The amount of the costs incurred to invest in OSH program 
14 Needs of training Conditions leading to the needs of training due to occupational accidents  
15 Personal Protective 
Equipment (PPE) and poster 
needs 
Conditions of needs of objects/tools to support the implementation of OSH 
16 OSH Funds The costs for the implementation of OSH program, including the fulfilment of the PPE, accident 
costs, first aid, and so forth 
17 Preventive Shows the level of concern in the implementation of OSH management in construction projects 
Safety Protection System (SPS) 
18 Cost of equipment and safety 
equipment 
The costs needed to meet the demand for safety equipments and tools. 
 
19 Needs of safety equipment 
and supplies 
Conditions in need for safety equipments and tools. 
Work Accident Rates (WAR) 
20 Rate of occupational accidents The number of accidents on construction projects 
21 Severity of occupational 
accidents 
The severity of the condition due to accidents, provided that: 1 = severe; 2 = moderate; 3 = 
minor 
22 Type of occupational 
accidents 
Various kinds of construction work accidents: 
(1) Collision (2) Hit (3) Caught on, within, and between objects (4) Falling from the same level 
(5) Falling from different levels (6) Slips or trips or stumbles (7) Exposure (8) Sucking, 
absorption (9) Electrical hazards (10) Others 
Construction Project Performance (CPP) 
23 Budget on the implementation 
of the project 
The value of the contract for project implementation 
24 Funding beyond insurance 
coverage 
The costs for accidents not covered by insurance 
25 Gap between accident costs 
and insurance 
Costs which show the difference between the total costs of occupational accidents and 
insurance funding 
26 Subcontractors OE Owners Estimate (OE) for the work of subcontractors 
27 Subcontractors’ contract The amount of charge that indicates the value of the subcontractor's work contract 
28 The total cost of accidents The costs resulting from occupational accidents  
29 Insurance budget The amount of costs allocated for insurance payments 
30 Financing insurance The amount of costs paid for insurance 
3.2. Initial conceptual model 
The initial conceptual model proposed by the researcher is such as in Figure 1. Initial conceptual model is a 
development of the existing models in previous studies [2] and [14]. In the relationship between variables, it is found 
the theoretical background of previous studies. 
The initial conceptual model shows six factors that influence each other. Factor on the characteristics of Workers 
(WC) contains the information about workers suspected of having relationship in the factor of Safety Protection 
System (SPS), which also discusses PPE as well as the Work Accident Rate (WAR) which indicates the number of 
accidents. 
While the factor of Construction Work Environment (CWE), which reflects the risks of the job, is assumed to have 
relationship with Safety Management (SM) factor, which shows concern of Management at OSH. CWE also has a 
relationship with SPS and WAR. SM factor is connected to SPS and WAR. SPS factor directly affects WAR. At the 
end of the initial conceptual model, it appears that WAR will affect the cost of OSH which is part of the Construction 
Project Performance (CPP).  
Previous study did not explain closed causal relationships. This study describes the relationship in the initial 
conceptual model detailed in the causal loop diagram. At the end, interconnections and causal relationships appear 
and the existing closed cycles are found. By knowing the closed loop relation between variables, it can show the 
comprehensive impact of changes in variable to overall system model. 
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Fig. 1. Initial conceptual model 
3.3. Causal loop diagram 
At the conceptualization stage, variables used in the model are defined. The variables are obtained through the 
study of literature, field observations, and discussions with the safety officers. It is obtained 30 variables divided into 
six factors influencing each other the occurrence of work accidents in construction projects. 
The causal loop diagram describes a causal relationship between the 30 variables identified. Figure 2 displays the 
causal loop diagram formed. For instance, the variable on worker safety awareness is directly influenced by the 
characteristics of workers represented by the variables of level of education, age, length of work, and subcontractor 
contracts.  
On the other hand, the variable of safety awareness is influenced by the results of training. However, the training 
influence is not directly visible as it requires time represented by the delay. On the causal loop diagram formed, there 
are four closed loops, which describe each condition on the real system. The closed loop can be explained as follows: 
1. Closed loop of the rate of work accidents 
It is negative closed loop, showing system behaviour trying to achieve a certain ideal value. 
2. Closed loop of accident financing  
It is closed loop describing the flow of financing in work accidents, which has a positive trait that shows an 
increasing system behavior in the event of changes in the variables.  
3. Closed loop of OSH budget 
It shows positive closed loop between the cost of safety equipment and tools and OSH budget. 
4. Closed loop of Project Implementation Budget (PIB) 
It is negative closed loop showing the relationship between OSH program investment and PIB. 
This study discusses the influence of characteristics of worker with the status of subcontractor workers or foremen 
workers as members of the construction supply chain on occurrence of work accidents.  
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Fig. 2. Causal loop diagram 
3.4. Stock and flow diagram 
Stock and flow diagrams are organized into several sections to facilitate the understanding of the system that will 
be modeled. The sub-models include direct costs sub-model, indirect costs sub-model, and budget sub-model. 
In accordance with the goals, the direct costs sub-model is explained in detail such as shown in Figure 3. This sub-
model describes the occurence of work accidents along with the direct costs incurred due to unsafe actions indicated 
through the variable of worker discipline and unsafe condition indicated through the variable of work risks. 
From the stock and flow diagram on the direct costs sub-model, it is obtained the number of work accidents, 
accidents at the level of minor, moderate, and severe accidents, and the direct costs incurred. This sub-model is made 
as many as 25 according to the types of work available. Therefore, it can be known which work having the highest 
number of accidents. 
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Fig. 3. Stock and flow diagram on direct cost sub-model 
3.5. Simulation of the model  
Summary on the simulation results is shown in Table 2. Table 2 shows the types of work with the highest number 
of accidents along with the costs incurred. Analysis of the causes of accidents shows that the factor of workers has the 
most dominant role than the work risk. Therefore, the scenario proposed focuses on improvement of discipline which 
is closely related to the quality of the subcontractors and foremen. 
These results are consistent with studies that have been conducted, stating that the unsafe action more dominant 
factor than the unsafe condition. 
Work discipline 1
Fatigue 1
Safety
awareness 1
Level of
education 1
Age 1
Level of work 1
Subcontractors
contract scale 1
Risk of work 1
Level of occupational
accidents 1
Occupational accidents
probability 1
Lookup of number
workers 1
Number of occupational
accidents 1
Severity of occupational
accidents 1
Moderate
proportion 1
Severe
proportion 1
Minor 1
Moderate 1
Severe 1
Overtime scale 1
Time behavior 1
Severe direct
cost 1
Moderate direct
cost 1
Minor direct
cost 1
Total direct
cost 1
Direct cost rate 1
Deleting workers
unit (person)
Time unit
Safety awareness 1
after training
<Training signal>
<Time>
<Signal
perubahan>
Number of
workers 1
Workers unit
(person)
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Table 2. Summary of simulation results 
Number of work Work number 3 Work number 6 Work number 8 Work number 19 
Name of work 
Transporting material 
manually 
Formwork 
Casting, pouring 
concrete 
Installing ceramic floor 
and wall 
Number of accidents 40 43 32 29 
Minor 40 43 24 29 
Moderate 0 0 3 0 
Severe 0 0 5 0 
Direct costs IDR 3,601,638 IDR 4,350,312 IDR 60,060,896 IDR 2.563.799 
Indirect costs IDR 0 IDR 0 IDR 6,222,299 IDR 0 
4. Conclusion 
Components forming OSH cost that need contractor attention are direct costs, indirect costs, training costs, 
consumable and non-consumables OSH equipment and supplies costs, reward and punishment costs, preventive costs, 
insurance costs, and costs outside insurance coverage. 
The system dynamics modeling can represent the complexity of the real system on work accidents of construction 
projects. Accidents may be influenced by members of the supply chain, in this case subcontractors and foremen as 
suppliers of workers. With the simulation method, the variable of work discipline and work risks show the highest 
influence on work accidents. Thus, the construction project contractors understand comprehensively which work and 
which supply chain members to improve. In addition, illustration on direct and indirect costs and OSH costs will 
provide benefits in PIB control. Therefore, PIB will not be wasted on OSH costs exceeding planning. 
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